Phenylalanine tRNA from the blue-green alga, Agmenellum quadruplicatum, has been purified to homogeneity. The nudeotide sequence of this tRNA was determined to be:
INTRODUCTION

Php
Nudeotide sequences of the chloroplastic tRNA s from
Euglena graoilis
(1), bean leaves (2) and spinach (3) Our results demonstrate that the sequence of Agmenellum tRNA Phe is very similar to that of chloroplastic tRNA e s and is prokaryotic in nature. These facts are consistent with the notion that extant chloroplasts evolved from a prokaryotic, bluegreen algae-like organism.
MATERIALS AND METHODS
General. Most of the materials, including enzymes, radioactive compounds and methods used in this work were described previously (6) . Phe Purification of Blue-green Algae tRNA Agmenellum was grown in ASP 2 (7) medium in 12 liter flat bottom Florence flasks bubbled with 1% C0 2 in air, and illuminated with flourescent lights. Cells were harvested at a density of approximately lg/liter by continuous centrifugation on a Sharpies centrifuge. The packed cell pellet was extracted with phenol and chloroform and the tRNA was processed as previously described C8). Initial purification Php of tRNA was on 3 x 80 cm BD-cellulose column using an eight liter gradient from 0.4-0.8M NaCl. The partially purified Phe tRNA was then acylated using Euglena gvaoilis synthetases, derivatized with the phenoxyacetyl ester of N-hydroxy succinimide and passed over BD-cellulose again. Final purification was on a 2 x 60 cm RPC-5 column employing a 2 liter gradient from 0.53-0.64M NaCl. Phe Sequence Analysis. The nucleotide sequence of Agmenellum tRNA was established using in vitro labelling procedures previously described (9, 10) . In addition, parts of the sequence and the position and identity of the modified nucleosides were independently verified using the modification (11) of a procedure originally devised by Stanley and Vassilenko (12) . This procedure involves (a) random cleavage of a tRNA under conditions such that less than one phosphodiester bond per tRNA chain is cleaved (b) 32 5'-P-labeling of all the fragments and their subsequent separation by polyacrylamide gel electrophoresis and (c) identification of 5'-ends of each of the bands on the gel.
RESULTS
Phe Sequence Analysis. Agmenellum tRNA was digested with Tl RNase or pancreatic RNase. The fragments produced were labelled at their 5'-ends, separated by two-dimensional high voltage electrophoresis and analyzed for their 5'-end and sequence (9) . Table I lists the sequence of these oligonucleotides. Derivation of the total sequence of this tRNA required, in addition, sequence information for the longer oligonucleotide fragments of the tRNA (9) . These were obtained (a) by partial digestion of the tRNA with pancreatic RNase, (.b) by partial nuclease PI digestion on op tRNA samples labelled with P at either the 5'-or the 3'-end and (c) by polyacrylamide gel electrophoretic analysis of par-32 tial digests of 5'-P-labeled tRNA with base specific nucleases (13) . In addition, parts of the sequence were independently verified and modified nucleosides identified conclusively using a rapid print out method for RNA sequencing (.11,12) . The number and location of modified nucleosides such as ms i A in this tRNA e as well as the degree of "sequence homology" between it and prokaryPhe otic tRNA s clearly indicate that it is of the prokaryotic Phe type. The same holds true for the three chloroplastic tRNA s, i.e., they appear to be prokaryotic in nature Cl-3).
As might be predicted from these observations, Agmenellum Phe tRNA exhibits extensive sequence homology with chloroplastic Phe Phe tRNA s.
Comparisons between Agmenellum tRNA and the chloroplaststic species from beans and Euglena (Fig. 2b, c and a) show 86.8 and 82.9% sequence identity respectively.
In contrast, Phe Agmenellum tRNA shows only 50-70% sequence homology with the
Cloverleaf models of Agmenellum tRNA (b), Euqlena chloroplastic tRNA (a) and bean leaf chloroplastic tRNA (c) . Hatched areas indicate the positions where the chloroplastic tRNA s differ from the Agmenellum tRNA .
various eukaryotic cytoplasmic tRNA e s of known sequence (Table   II) . Phe These data suggest that the present day tRNA cistrons within chloroplastic genomes evolved from a prokaryotic-like tRNA gene. In addition, the prokaryotic nature of the bluePhe green algae tRNA and its homology with those of chloroplastic origin support the notion that extant chlorpplasts and bluegreen algae share a common phylogenetic ancestor and that chloroplasts evolved through endosymbiosis between a protoeukaryote and a blue-green algae-like photosynthetic prokaryote (14) (15) (16) . The latter concept is further supported by our recent observaPhe tion that in contrast to the chloroplast tRNA , the nucleotide Phe sequence of cytoplasmlc tRNA from Euglena is virtually identical with those from animal cytoplasms and quite different from those of higher plant cytoplasms (17) . The occurrence of identiPhe cal tRNA sequences in chloroplasts in higher plants and what appears to be an animal cell (i.e. Euglena), makes it highly improbable in our view, that chloroplastic genomes evolved from eukaryotic nuclear genomes.
The Ph'e In summary, the sequence of tRNA from the blue-green alga AgmenelZum quadruplicatum is very closely related to those of other prokaryotes and in particular to those of chloroplastic tRNA 
